INTRODUCTION
============

During the last decade, advances in laparoscopic surgery have expanded its use to various surgical fields, and laparoscopic procedures are now routinely employed to treat diseases. Several randomized trials have shown that laparoscopic surgery is associated with less surgical trauma, a shorter recovery time and hospital stay, and an improved quality of life \[[@B1], [@B2], [@B3], [@B4]\]. However, despite these advantages, laparoscopic procedures are technically demanding for surgeons, owing to several inevitable drawbacks, including two-dimensional imaging, an unstable camera platform, limited degrees of freedom due to the rigid instrument, and poor ergonomics \[[@B5], [@B6], [@B7], [@B8]\]. For surgical beginners, these factors might contribute to a relatively longer training period in laparoscopy than in open surgery \[[@B9]\].

Surgical robots were introduced in clinical practice in the late 1990s. They were expected to overcome the laparoscopic drawbacks and allow the extension of minimally-invasive surgery to more patients on the basis of technical improvements, such as a three-dimensional view, improved dexterity with an increased range of motion at the tips of the instruments, reduced tremor, enhanced ergonomics, and a stable camera view \[[@B10], [@B11], [@B12]\]. Compared with the conventional laparoscopic approach, robotic systems may also be expected to allow complex laparoscopic tasks to be performed faster and more accurately and to shorten the learning curve \[[@B13], [@B14]\]. However, only a few studies have analyzed the superiority of robotic systems, in comparison to laparoscopy, in performing the same procedures \[[@B15], [@B16]\]. Recently, a few studies have suggested that robotic systems may offer no advantages over laparoscopic instruments \[[@B17], [@B18]\].

The laboratory has generally been used to measure the acquisition of surgical skills with different modalities \[[@B19], [@B20]\]. Performance in the laboratory can reflect actual surgical procedures within the operating room. It also allows for exact surveillance, regardless of any differences in conditions between the participants, because surgical performance in the operating room does not rely only on technical skills.

Therefore, we compared the efficiencies of surgical skills by using both laparoscopic and robotic systems to perform the same experimental tasks in an attempt to determine the advantages of robotic systems over laparoscopy. We also supposed that the degree of benefits gained from robotic surgery would be different according to laparoscopic skill level because robotic systems are thought to improve surgical performances more quickly than laparoscopic procedures. Therefore, we also compared the differences in skill acquisitions in each surgical modality between novices and surgeons experienced with laparoscopic systems.

METHODS
=======

This study was approved by the Institutional Review Board at the Kyungpook National University Medical Center, and informed consent was obtained from each participant prior to initiating the study. The 10 laparoscopic novices (LN), consisting of medical students, and 10 LE laparoscopically-experienced surgeons (LE), including surgical residents and fellows, participated in this study. LE had formal education in laparoscopy and had participated in laparoscopic surgeries, with more than 3 cases per week and 12 cases per month, but had no experience with robotic systems. LN had no experience with laparoscopic or robotic systems. Before the test, the participants were instructed, through verbal explanations, on the use of both laparoscopic and robotic systems. The participants were allowed two minutes to familiarize themselves with the laparoscopic and the robotic instruments. However, the participants were not allowed to perform any part of the task during the orientation period.

The laparoscopic platform consisted of a training-box, with three preset port sites. A 0° endoscope (Stryker, San Jose, CA, USA), which was manually controlled by an assistant, was used in the middle port site for visualization. For the performance of the laparoscopic tasks, images were projected onto a 21-inch monitor that was in direct view of the participant ([Fig. 1A](#F1){ref-type="fig"}). Two disposable 5-mm Endo-graspers were used in task 1, 2 disposable 5-mm Endo-dissectors were used in task 2, and a 5-mm Endo-needle holder and disposable 5-mm Endo-dissectors were used in task 3:

Task 1 (pick up and give over a bead)
-------------------------------------

Five beads were placed at the bottom of a 5-cm- × 5-cm-sized circle. Another empty circle was positioned 15 cm away from the initial circle. The goal of the task was to pick up and transfer 5 beads into the other circle, 1 bead at a time. The participants initially performed the task with their dominant hands and then with their nondominant hands. The 5 repetitions consisted of 5-bead transfers with each hand. The time required for task completion was recorded.

Task 2 (ring insertion onto a cone)
-----------------------------------

The participants picked up a rubber ring, transferred it 10 cm away, and inserted it onto the cone ([Fig. 2A](#F2){ref-type="fig"}). This task was performed with their dominant hand and then with their nondominant hand. For 2 minutes, the total number of inserted rings was recorded.

Task 3 (suturing and tying of 3 knots)
--------------------------------------

The suturing and tying of 3 knots were evaluated in the training box by using a sponge-block. The task began when the surgeon had loaded the needle, along with a 15-cm polyglactin 3-0 suture (Vicryl), onto the Endo-needle holder or robotic needle driver ([Fig. 2B](#F2){ref-type="fig"}). An artificial suture sponge was affixed to the floor of a training box, and each person made a suture and tied 3 knots.

The robotic platform consisted of the da Vinci Surgical System (Intuitive Surgical Inc., Sunnyvale, CA, USA), a surgeon\'s console, three robotic arms, and a vision cart. The participants were seated at the console with a combination of hand and foot controls for the robotic arms, instruments, and an Intuitive 0° endoscope, which was held by the center arm ([Fig. 1B](#F1){ref-type="fig"}). Three-dimensional images were displayed on the surgeon\'s console, and a two-dimensional image was projected onto a standard 21-inch monitor for the observer. For all tasks, the EndoWrist instruments, including a needle driver and forceps, were used. Two trials were performed with an 8-week interval to minimize the effect of the participants\' memories of each task.

Statistical calculations were completed using statistical software SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA). Continuous data between the groups were recorded as the mean value of each variable. Categorical variables were recorded as a number and were compared using the Fisher exact test or χ^2^ test, as appropriate. A P-value of \< 0.05 was considered statistically significant.

RESULTS
=======

A total of 20 participants completed the tasks on all 3 of the instrument sets. LE consisted of 6 men and 4 women, and the mean age was 30.9 years (range, 28 to 33 years). LN consisted of 5 men and 5 women, and the mean age was 28.2 years (range, 25 to 33 years).

The performance results from all tasks are summarized according to the laparoscopic experience levels in [Table 1](#T1){ref-type="table"}. Compared to LN, LE showed significantly better performances in all laparoscopic tasks. These results were also shown in the second trial. Similarly, in the robotic tasks, LE were faster and demonstrated better performances than LN. However, the only result that was statistically significant in both trials was the measure from robotic task 3.

The results are summarized according to the surgical modalities in [Tables 2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}. When comparing all participants regardless of laparoscopic experience level, the robotic system was significantly faster and showed better performance than laparoscopy in all tasks and trials ([Table 2](#T2){ref-type="table"}). Comparing the two modalities, according to laparoscopic experience levels, within the LN group, better performances were shown in all robotic tasks than in the same laparoscopic tasks. Whereas within the LE group, significantly better performance was observed only in robotic task 1. Comparing the two trials, there was no significant differences except laparoscopic task 2 and robotic task 3 ([Table 4](#T4){ref-type="table"}).

DISCUSSION
==========

Advances in laparoscopic surgery have resulted in many changes to the clinical practice of surgery. However, the pitfalls of laparoscopic surgery have still caused undesirable fatigue for surgeons and require relatively longer learning periods than open surgery \[[@B9]\]. When the da Vinci surgical system (Intuitive Surgical Inc.) was introduced for surgery, this robotic approach was expected to offer potential solutions to the problems of the laparoscopic approach in various surgical fields based on the advancement of technology \[[@B8], [@B9], [@B10], [@B21]\]. However, to date, only a few studies have analyzed the advantages of robotic systems in comparison to laparoscopic approaches by measuring the performances of the same procedures \[[@B15], [@B16]\]. Therefore, in the present study, we compared the surgical skill acquisition between conventional laparoscopic instruments and surgical robotic systems through the experimental performance of basic laparoscopic tasks to demonstrate the advantages of robotic systems and laparoscopic instruments.

In the present study, the participants had significantly better results with the robotic system than with the laparoscopic instruments while performing the same basic skills. These results originated from the several previously-mentioned advantages of robotic systems over conventional laparoscopic instruments. Among them, improved dexterity, with multiarticulated instruments mimicking the human wrist, and high-definition three-dimensional view may mainly contribute to the rapid skill acquisition when using robotic system. First, the EndoWrist instruments of the robotic system especially contributed to the excellent records in performing task 3, compared to laparoscopic approach, because the articulating robotic needle driver is very convenient for suturing and tying a knot. As a result, LN could shorten the amount of time to suture and tie a knot 3 times by up to 200 seconds in the first trial and by up to 120 seconds in the second trial ([Table 3](#T3){ref-type="table"}). LE also shortened the actual time of performing task 3 by up to 100 seconds in the first trial and by up to 60 seconds in the second trial, although the time differences among the 2 approaches were not statistically significant. The three-dimensional view improved the participants\' visual perspectives and precise movement abilities in picking up and placing the object by recovering the perspectives. In addition, the robotic system could help the participants perform basic tasks with their unskilled, nondominant hands when they were required to alternate and coordinate their dominant and nondominant hands in the robotic console. Because of this strength of the robotic system, the participants were had the time necessary to accurately and precisely perform all of the tasks ([Table 3](#T3){ref-type="table"}).

However, the robotic system seems to have given more benefits to the LN group than the LE group. The reason is that the LN group had significantly better performances with the robotic systems in all tasks than they had with the laparoscopic instruments, but LE only had statistically significant better results in robotic task 1 of the 2 trials compared to that of the laparoscopic tasks. However, all LE also had better results for the robotic tasks than they had for the laparoscopic tasks. Laparoscopic experience may contribute to the better performance results seen in the robotic tasks, considering the better performance results of LE. However, based on the results of the LN, the surgeon who does not have any surgical or laparoscopic experience also can rapidly learn to perform surgical tasks in less time by using robotic systems. One possible reason for these results may be that robotic systems have a more user-friendly interface than laparoscopic instruments do \[[@B16]\]. Another explanation might be that robotic systems are designed spespecifically to mimic the same hand motions as those used during open surgery. We deem that our results support the concept that the inexperienced in laparoscopic surgery may have improved proficiencies and may more quickly and easily acquire surgical skills with the use of robotic systems.

In the present study, although there were only two trials, by using both the laparoscopic and the robotic systems, the participants seemed to show more improvements in speed and skill with repetition in performing robotic tasks. Although this result did not represent an improvement of surgical skill, it shows the possibility of a shorter learning period in the robotic approach because the improvement in the result was noticeable in robotic surgery, regardless of the participants\' laparoscopic experience levels and despite the higher score in the first trial compared to laparoscopic approach. The preliminary result of the learning curve for the robotic approach showed that the use of the robotic approach may even reduce the learning curve for the laparoscopic approach. Another recent study showed that the transfer of an open surgical skill to a video-assisted environment required only 12 robotic operations, with outcomes similar to those of a skilled laparoscopic surgeon after more than 100 laparoscopic procedures \[[@B14]\]. However, if a more complete characterization of the learning curve is to be established, experiments, including more extended repetitions, are required.

This study had several limitations. The conventional variables measured during the task performance, time and score, are regarded as being insufficient to fully explain the aspects of surgical performance \[[@B22], [@B23]\]. Skilled performance with a robotic system may include other qualitative aspects, and these should be addressed in the objective assessment of the performance. In addition, suturing and tying a knot is a procedure to acquire a skill by practicing a method. Therefore, the previous experience with open surgery in the LE group may have the effect of producing a better result in performing task 3 in the LE group than in LN group. A more objective module is required to evaluate skill acquisition according to the surgical approach. Another limitation was the limited number of repetitions in performing the tasks. Therefore, we cannot speculate on the learning curve for robotic systems based on these results.

Skill development in a laparoscopic or robotic system is fundamentally different from that in open surgery; to date, there has been limited research regarding surgical skill acquisition with these sophisticated systems \[[@B24], [@B25]\]. Robotic systems are still developing, and with more experience and adjusted equipment, performance with robotic systems is likely to improve. More research is required to assess the advantages and the disadvantages of using both laparoscopic and robotic systems. Comparisons regarding performances with robotic systems and with conventional laparoscopic instruments, particularly with more complex tasks, should, therefore, be made after consistent performance baselines have been determined to avoid confounding issues that are more related to the learning curve of each modality.
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![Laparoscopic platform (A) and robotic platform (B).](ac-30-71-g001){#F1}

![(A) Robotic task 2, moving the rubber ring and inserting it into the cone, and (B) robotic task 3, suturing and tying three knots.](ac-30-71-g002){#F2}

###### 

Summary of task results
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Values are presented as a mean (range).

LN, laparoscopic novice; LE, laparoscopically-experienced surgeon.

^a^Time (sec) for performing task 1, picking up and giving over the five beads into the circle. ^b^Numbers of rubber ring for performing task 2, moving the rubber ring and inserting it into the cone for 2 minutes. ^c^Time (sec) for performing the task 3, suturing and tying three knots.

###### 

Comparison of the times to perform laparoscopic and robotic tasks in all participants
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Values are presented as a mean (range).

###### 

Comparison of the times to perform laparoscopic and robotic tasks according to the experience level of the surgeon with laparoscopy
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Values are presented as a mean (range).

LN, laparoscopic novice; LE, laparoscopically-experienced surgeon.
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Comparison of the times to perform the first and the second trials
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Values are presented as a mean (range).

LN, laparoscopic novice; LE, laparoscopically-experienced surgeon.
